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Abstract 
Geometry as one of the most influential elements has played effective roles in various structural, spatial and decorative 
(ornamental) systems in Iranian architecture. In this regard, three attributes of similarity, iteration and change in scale as the basic 
features of such geometry are clearly visible and assessable in the whole range of Iranian architecture. On the other hand, the 
mentioned three-fold features are the main characteristics of fractal geometry. Therefore, assuming the existence of fractal 
patterns in Iranian architecture is a probable and realizable issue and it deserves research and analysis. Therefore, the current 
article seeks to realize the premise of the existence of the fractal geometry in three scales of macro (city), medium 
(neighbourhood) and micro (building and motifs) in Iranian architecture specially, in cities of Isfahan and Yazd. 
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1. Introduction 
Geometry as a mathematical concept has a fundamental role in Iranian traditional architecture. In a sense, Iranian 
architecture is inherently of a geometry-oriented nature (Falamaki, 2001). In Persian into Persian Dehkhoda 
Dictionary, geometry is referred to as a particular subfield of mathematics that studies and discusses space, shapes 
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and imaginable objects (Bemanian, Amirkhani, Lilian, 2010). Similarly, geometry and geometrical patterns in 
Iranian architecture is such a critical issue that, without paying attention to their structural role, the spatial-structural 
analysis of this type of architecture will be essentially descriptive. In addition, in case of the absence of geometrical 
structures at comprehensive system of traditional Iranian architecture, especially in Isfahan and Yazd, the nature of 
their spatial organization will undergo chaos and collapse. With a holistic view, it is possible to divide major 
geometrical factors in the formation of three systems including macro (city), middle (neighborhood) and micro 
(buildings) in the cities of Isfahan and Yazd under three broad features of similarity, iteration and change in scale. 
These features leads to to formation of diverse structural patterns with a similar origin in macro and medium scales, 
and different formal (ornamental) patterns in the micro system of buildings. Basically, triple features including 
similarity, replication and change in scale act as a generator and developer and are capable of embedding every 
geometrical cell in a systematic and complex mechanism as an inseparable part in a comprehensive structural, 
spatial and formal system. In this context, in case of the removal of the relevant cell, the whole subject is impaired. 
Based on the scientific research carried on the function of geometry in Iranian Islamic architecture, and given that 
all three attributes including similarity, iteration and change in scale are the main factors of fractal geometry, it can 
be expressed that Iranian traditional architecture is essentially in a kind of conceptual-semantic connection with 
fractal geometry. Therefore, although the origin of such conceptual-semantic relationship cannot be Iranian 
architects’ knowledge of the principle of fractal geometry in the past, it can be claimed that the patterns generated by 
them have common basic structures with geometric principles. Possibly, the process of Iranian architects’ familiarity 
with this fractal pattern can be originated from natural sources (on the basis of fractal patterns found in nature) or 
geometrical sources with the presumption of the legitimization of geometric complexities to convert them into an 
architectural form. Assuming the presence of fractal geometric patterns in Iranian architecture, the current article 
shed light on the formation process of fractal geometrical patterns in the macro comprehensive system of 
urbanization, middle system of neighbourhood, and micro system of buildings and ornamentations (decorations). 
Furthermore, it is worth noting that, by using an interpretive approach, the article presents a spatial-structural 
analysis of the three-fold patterns mentioned above. Basically, interpretative approach, by a transition from 
description phase, generates an analytic perspective to explore the hidden layers of a particular issue. Therefore, to 
perform a case analysis of these geometric patterns with a monographic approach, some traditional patterns of 
Iranian architecture, ranging from micro to macro scales, are being analyzed. This analysis can be fallen into the 
category of monographic approaches. Notably, library and field studies are a positive step to collect information, 
which both methodologies are utilized in the present research. 
1.1.  History of fractal geometry 
Generally, after the advent of chaos and complexity theory in the mid-70s, fractal theory was emerged. Fractal is a 
new and non- Euclidean mathematical concept describing the complexities present in the nature in simple terms.  
According to historians, the birth of fractals can be traced back to 1960s (Zarghami, Olfat, 2015). With the advent of 
the theory of fractals in mathematics, a new branch was founded under title of fractal geometry that can find some 
solutions to the complexities in nature in a principled way. In other words, it can be said that the basis of fractal 
geometry is built upon chaos theory. Basically, chaos theory is suggestive of order in disorder which its implicit 
order is much broader and complete than the Cartesian order (Gleick, 2005). 
From a mathematical point of view, much effort has been made to establish the basic principles of fractal geometry, 
to the extent that fractal geometry was invented and introduced by Mandelbrout in 1975. Mandelbrot coined the 
term “Fractus” (i.e. irregularly crushed and broken stone) to introduce this geometry and it was named after the 
father of fractals (khakzand, Ahmadi, 2007). In fact, fractals categorize a wide range of issues that play historical 
roles in the development of pure mathematics under an overall title. The necessity of attention paid to this branch of 
mathematics is due to the fact that the geometry of the twentieth century has not the practical ability to interpret and 
describe various scientific concepts and hence, such branch of mathematics is able to describe and analyse the 
complexities in a practical fashion. The mathematical world of fractal incorporates richer possibilities that take steps 
beyond the structures seen in nature, so that the mathematics of the twentieth century has been able to have 
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superiority over the restrictions imposed by the natural principles (Bovill, 2007). It also can be clearly said that 
fractal geometry is able to describe a stream of existing details in its natural forms (Boyle’s Book). Mandelbrot 
therefore believes that, to describe the nature, a geometry have to be applied that would be reflector of a crude, non-
circular and non-linear universe like geometry of holes, wrinkles, twists and complexities (Khakzand & Ahmadi, 
2007). In other words, fractals are the forms that contrary to those of Euclidean geometry are not regular in any way. 
Firstly, such forms are completely irregular. Secondly, their irregularity on all scales is identical, i.e. they are regular 
in a special type (Brout, 1991). It should be noted that in a fractal pattern, each component is dependent on other 
components, and overall implementation is basically systematic and whole-oriented. The relationship among 
components in a single whole in a fractal pattern is participatory, and a combination of some fractal elements is a 
precursor to the formation of a predetermined whole. The relationship among the parts and the whole, and 
conversely, forms a homogeneous and integrated organization in which eliminating any element, puts the existence 
of other elements and the whole into risk. Based on the research carried out on similar geometric and proliferating 
patterns, it is assumed that geometrical and pseudo-fractal patterns have been present in traditional architecture in 
the macro, medium and micro systems authenticate this fact. It is possible to analyse three features namely 
similarity, replication and change as common and relevant patterns of Iranian architecture in the organization system 
of the cities of Isfahan and Yazd in macro, medium and micro scales on a fundamental basis. 
2. How to organize fractal geometry on a macro scale in the cities in Isfahan and Yazd 
Over a range of historical architecture, geometry has played an undeniable and fundamental role in the production of 
diverse and complex structural, spatial and formal patterns. In this part of the article, with the above assumption, the 
impact of the three-fold features on the spatial organization of the cities including Isfahan and Yazd is analyzed. 
2.1.  Three prominent characteristics of fractal geometry in Iranian  traditional architecture 
Among the main characteristics of fractal geometry, similarity, iteration and change in scale lead to the proliferation 
of an integrated set of various replicated cells in an integrated whole, which they are essentially considered as fractal 
patterns. In other words, a unified totality can be called a structure (Alexander, 2011). Although traditional 
architectural structure of Iranian cities is developed and proliferated of various layers and a plurality of cell spaces, 
it is generally unity-oriented. To learn more about a fractal form and an analysis of Iranian cities based on this 
geometry, what is considered as a standard is how to create and grow a fractal pattern. In this regard, in principle, 
although producing a fractal pattern and its extension has a complex structure, it is systematic and whole-oriented. 
On the other hand, the generation of a fractal pattern is the result of the reproduction of a micro stage from a macro 
stage, and at the same time, the dependency of such stage has to be in such a way that in case of the removal of a 
single stage, an overall pattern of development and production still remain in place (Eftekharzadeh, 2007).   
2.2.  Effect of three-fold features similarity, replication and change in scale in the system of Iranian ancient 
metropolises 
If the comprehensive system of traditional urbanism in Iran would be considered as an integrated whole on a large 
scale, three features of similarity, iteration and change in scale can be regarded as the same fundamental and 
geometric principles of such structures during the history of pre-Islamic Iran until the end of century 19. Fig. 1 is an 
example of an ancient fractal city that the connection between the unified whole of this structure with its smallest 
part is a similar, iterative and re-scaled. These two models indicate the existence of a conscious approach for 
creating a diverse sequence of spatial cells of the whole and part. In addition, the coherence between elements of 
this urban pattern is a reproductive and replicated process in which the iteration of elements reinforces the formal 
similarity. In this city, based on the designed border (D), the base model of A is selected, and in the formation proce 
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Fig. 1. History of fractal patterns in the cities dating back to Achaemenid era. (Habibi, 2007) 
 
Process of next satge of the city, the basic pattern A proliferates form B and finally C into its own in an iterative 
pattern. 
In fact, through the proliferation of A as a base model, the production of secondary forms has been feasible as 
simple as possible. This fractal pattern which significantly contributes to the simplification of the structural 
complexities of a city in ancient times, has a practical method and is applicable to other patterns. In another pattern, 
a town belonging to Sasanian Emoire is presented. Fig. 2 with a pattern similar to Fig. 1 in terms of the formation, 
offers a self-similar fractal concept by a straightforward procedure. Essentially, one feature of the two cities is their 
self-similar structure which can be developed by an extension from the inside to outside infinitively without any 
damage inflicted to the whole unit. In definining self-similarity, some natural forms are taken into account that can 
repeat themselves infinitevly (Salehi, 2006). In addition, self-similar object can be seen from near and far alike. 
Similarity, change in scale and moving along a definite range and the iteration of this situation finally contribute to 
the generation of a self-similar and compositional fractal set (Kiani, 2011). 
Main features of self-similar forms: 
x The final form should be the same as its original part. 
x Original forms are developed by a change in scale.  
x Forms repeat themselves in a replicative way (Salehi, 2006)  
2.3. Effect of triple features including similarity, replication and change in scale in the system of metropolitan cities 
of Isfahan and Yazd 
By an examination of traditional cities, more complexity can be discovered (Alexander, 2011). To this end, by a 
comprehensive study of the traditional cities structure of Isfahan and Yazd, it is possible to discover different 
complexities, which have been intertwined from the macro system (city) to micro system (buildings and motif). 
These two cities, in terms of the geometric structure, are the result of the iteration of a basic pattern with formal 
similarities and changed scale, and it could be concluded that all urban patterns due to the above feature, have a 
pseudo-fractal concept. Morphology of the cities is in a fractal form. The study of cities by the help of the fractal 
geometry manifests rich and predictable patterns of urban structures (Betti, Lang Lee, 1994). In other words, 
pseudo-fractal (semi-fractal) pattern is an incomplete mode of fractal that can be manifested at different scales in an 
almost identical and proliferating form (Kiani, 2011).  
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Fig. 2. History of fractal patterns in the cities dating back to Sassanid era. (Habibi, 2007) 
 
For example, Isfahan was recognized as the capital of Iran in 1587 AD. Isfahnan is a city which the comperehensive 
system of its motor hubs during historical periods is continually developing. In addition, the integrity and continuity 
of the city, has significantly created a consistent order and at the same time complex (Borden, Ruedi Ray. 2006).  
Basically, there had been three dominant motor systems in Isfahan:  
x Bazaar (market) hub as the first motion system of the city as well as skeleton and the main street of the city, 
which primarily were used by the citizens as a place to carry out transactions and business and daily 
activities. 
x Access roads in residential areas as the second motor system of the city which were created mainly 
adjacent to each other. 
x Zayandeh Roud River and irrigation canals as the third motor system of the city. 
It should be noted that, in addition to isfahan, in the city of Yazd, bazaar hub and access to the city's residential areas 
primarily form the city’s motor system. In the motor system of the two cities, there are similar features. Therefore, 
the hierarchical sequence of this motor system and continous connectivity of the systems, with the observance of the 
continuity of the urban network, creates a complex structure which has triple features of similarity, iteration and 
change in scale. Also, it has a fractal dimension. Fractal dimension is the method of measuring qualities such as 
roughness, fracture or irregularity (chaos) rather than Euclidean quantities. In other words, the fractal dimension is a 
mathematical criterion in determining the degree of complexity of a tissue or structure (Eftekharzadeh, 2007). Motor 
system of Isfahan city as seen in Fig. 3 is identical with water supply vessels of a leaf, fractures and cracks in the 
ground floor in the desert areas or fractured lines of a mountain that follows a basic pattern in a developed form. 
This mobility systems in a metropolitan scale give rise to the formation of linear, irregular and fractured elements, 
and they could be regarded as basic developed patterns in the whole of the proliferated urban system. Such irregular 
network lines are complex combinations of similar elements that create a fractal dimension in the urban planning 
system. In the structural formation of Isfahan, two design methods including organic and rational ones were 
interwoven, and in accord, harmony and conformity with each other, they offer the new concept of spatial designing 
and planning (Habibi, 2007). For instance, the Chahar Bagh hub as a linear hinge in the spatial organization of the 
city, crossing Zayandeh Roud River (as a natural and organic hub), offers actually a combination of natural and 
synthetic, organic and ratioanl, and order in disorder (Habibi, 2007). 
This hub as a motor system has led to the formal development of the natural pattern of Zayandeh Roud River in the 
planning system of the motor system of Isfahan, and has made natural patterns invloved in the movement routes in 
the city. Isfahan’s motor system has a pseudo-fractal approach that entire structure of the city will follow it. 
Similarly, the non-linear motion systems in Yazd Fig. 4 result in the formation of a fractal dimension in the form of 
irregular linear vessels, which contribute to the balanced readiblity and equilibrium of different civil functions. In 
the motor systems of two cities of Isfahan and Yazd, the degrees of complexity of the motion systems show changes 
made in motor patterns based on different functions in different urban areas (residential, commercial). For example, 
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in Fig. 3, three different areas in the city of Isfahan namely Tabib Isfahani  (A1), the area adjacent to Kaveh Square 
(A2) and the areas adjacent to Naqsh-e-Jahan Square (A3) are selected that have a density different from buildings 
and motor systems. 
x Area (A1): this area, equipped with the maximum complexity of the system, is a fractal movement, 
composed of irregular and unbalanced adjacencies of residential and commercial uses. 
x Area (A2): given the extensivity of physical limits and boundaries of the buildings located in this area and 
its semi-intensive motor systems, the area is freer, and its fractal pattern has less structural complexity.  
x Area (A3): given the extensive physical limits and boundaries of the area and also its semi-dense system, 
this as the area has a non-dense structural pattern, its fractal pattern has less structural complexity. 
  
 
 
Thus, in each area of the city, functional (physical) requirements play a significant role in changing the motor 
patterns of the city that eventually bring about a change in the fractal pattern. 
Hence, in the city of Yazd, three various areas, including the area adjacent to the Great Mosque (B1), the area 
between 10th Farvardin Avenue and Shahid Montazer Qaem Boulevard (B2), and Southern and Eastern region of 
Dolatabad Context (B3) are studied, which according to the extension of the motor system’s density consistent with 
Isfahan Model, these areas have some degrees of complexity. 
It should be noted that the selected areas in Figures 3 and 4 belong to the historical fabric of the cities of Isfahan and 
Yazd, which have been formed in a given time period, and in the current analysis, a review of the changes made in 
recent years has been avoided as much as possible. Aerial images of the two cities show that there exists a pseudo-
fractal network with some degrees of complexity and density in these cities, which this has created a continuous and 
homogeneous space in the urban structure. In addition, this network has been able to operate in the metropolitan 
system continuously and concordantly, and to form an integarted pattern. 
3. An analysis of the organization of fractal patterns in the middle scale (neighborhood) in Esfahan and Yazd 
In this section, in the medium scale, two fractal patterns with triple features are analyzed. In the first pattern, the 
Fig. 3. The motion systems with fractal characteristics in 
the system of Isfahan metropolis. (A1,A2,A3) 
Fig. 4. The motion systems with fractal characteristics in 
the system of Yazd metropolis. (B1,B2.B3) 
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vaccum structure and concept (central courtyard) as a basic pattern in the organization system of Iranian architecture 
is investigated. In the second model, a kind of spatial fractal hierarchy in traditional Iranian architecture in the 
medium scale will be examined. 
3.1.  Role of  the vacuum (central courtyard) as a fractal pattern in the medium scale 
Essentially, the vaccum, or the central courtyard, can be assumed and evaluated as one of the most fundamental 
organizing patterns of Iranian architecture on a neighborhood scale with proliferation in physical system at diverse 
scales and similar structures as a fractal pattern. Vaccum pattern, beyond the concept of the central courtyard, plays 
a structural organizer role. Vaccum space is an empty frame among the functional bulks that is able to create an 
internal organization on a domestic scale and a broad organization among other buildings on a scale of the 
neighborhood and consequently of the city. The vaccum space in the medium scale leads to the formation of a 
geometrical patterns of iterative, re-scaled and  with similar geometry in the middle of the form, which in terms of 
form and shape , it is possible to regard it as the basis for the squared base pattern (based on geometrical frequency) 
in Iranian traditional architecture. Vaccum, this hole in the fabric of the building, from the perspective of a 
neighborhood, is the main cause of building system with a unitary base. In fact, vaccum causes readability and 
functional and semantic integration of the builidng system in Iranian traditional architecture. By the iteration of a 
base pattern and its replication with a similar structure on different scales, the vaccum creates a network of 
connected points which can be easily develoed, and as a generator will be the main cause of subsequent 
developments Fig. 5. Another feature of the central courtyard as a fractal pattern of the concept of fractional 
dimension, is the proportion between its length and width. One of the most important and complex features of the 
fractals is their fractional dimension which is a method to measure qualities rather than quantities (Kiani, 2011). 
Therefore, in the prior research carried out on the proportions of the central courtyard in the houses of the cities of 
Yazd and Isfahan, it could be seen that they have a fractional dimension. These proportions, from length to width 
ratio of the courtyards, range from 1.02 to 1.73 in Yazd (PourAhmadi & Yousafi & Sohrabi, 2011) to 1.01 to 1.66 in 
Isfahan. (Yazdani & Davodi & Abdous, 2012)  
Generally, vaccum (central courtyard) is a structural pattern that all different types of traditional buildings are 
formed based on it. The vaccum facilitates the complexities of Iranian Architecture System at the triple scales. 
 
Fig. 5. Vast network of the vacuum in the structural-spatial organization of Isfahan and Yazd. 
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3.2. The role of spatial hierarchy in shaping fractal patterns on middle scale  
If the different features including similarity, iteration and change in scale are considered as the main factors of 
fractal geometry in the form of the default, it is possible to extend the realm of fractal patterns from a purely formal 
concept to other strctural areas in Iranian traditional architecture. Therefore, it is possibe to consider spatial 
hierarchy as the intermediary between the interior (central courtyard/the vaccum) and the exterior (neihbourhood) as 
one of the similar and iterative structural patterns with certain degrees of scaling in Iranian traditional architecture. 
Basically, all kinds of buildings emanate from a fixed pattern with some degree of change from the original route of 
bazaar or alley in the neighborhoods. This branching, in principle, has a three-stage space structure. The continuity 
of these spaces inevitably follows from the basic patterns of connection (linkage), transition (transfer) and 
fulfillment (purpose)(Ardalan & Bakhtiar, 2005). These forms are reminiscent of patterns that can be seen in plants, 
and therefore by the laws of similarity and analogy, find a harmony with nature (Ardalan & Bakhtiar, 2005) Fig. 6. 
Such spatial continuity, highlighted by some factors such as connection, transmission and reception, form a base 
pattern. The continuity also has a continuous presence in the construction of traditional Iranian architecture and 
creates a specific organisation with many identical features. As an iterative pattern identical with vacuum, this 
spatial hierarchy has facilitated spatial-structural complexities of neighbourhood in many historical cities of Iran. 
For example, this stable and iterative hierarchy could be found in the bazaars of Isfahan or that of Kashan (Ardalan 
& Bakhtiar, 2005) Fig. 7. 
In Isfahan city, there is a hierarchy of interconnected spaces that create a logical system that is both changeable and 
accepts stability (Ardalan & Bakhtiar, 2005). This hierarchy is a combinational (compositional) system of a positive 
atmosphere in which connection of each stage to another happens based on a common and continuous basis, and in 
addition to its role in facilitating the organization, it creates unification in planning of the physical system on a 
medium scale. Such type of hierarchies has a strong morphological affinity, and generally creates an overall 
coherence at the boundaries of space in the buildings adjacent to streets or the mainstream of bazaar. On the other 
word, the difference in scale creates different spatial values. This is because when there is various hierarchies of the 
common values, the clarity of the hierarchy may be adversely affected (Pierre Von, 2004). Likewise, structural order 
is a critical issue for traditional architects, because when deviations (from a norm or rule) are so intense that might 
distort base pattern, the order will be endangered and, in turn, this causes the insecurity of the organization (Pierre 
Von, 2005). Spatial hierarchy beyond the formal concept is a developed structural system that can connect all 
buildings to the urban environment by a single system. These patterns have a similar origin, which proliferation at 
different scales in the neighbourhood system can create a harmonious and integrated structure. 
Basically, the hierarchical pattern of connection, transmission and purpose and on the other hand, the vacuum, all 
forms were the basis for production of urban functions, including mosque, inn, house and other structural elements 
in the traditional Iranian architecture. 
 
 
Fig. 6. The three-fold stages of connection, transmission and reception in creating a single hierarchy pattern. 
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Fig. 7.  Plurality of spatial hierarchy pattern in the middle system in Isfahan and Kashan bazaars. 
4. An analysis of how to organize the micro system (building) by the fractal patterns  
As explained in the previous section, the existence of similar proliferating geometric patterns at different scales in a 
macro to micro system, play an organizing and structural role, and traditioanl architects, consciously, and with 
sufficient knowledge of these patterns, used to apply them in order to simplify the most complex structural, formal 
and decorative patterns. Thus, in order to analyze fractal geotmetry patterns in a micro system, this section can be 
divided into two parts: structural and decorative (motif). In former part, the effect of the vaccum pattern in shaping 
the organized system of Kashan bazaar (located in Esfahan province) will be analyzed as a case study. Also, in the 
latter part, Muqarnas as one of the most important Iranian geometric patterns in shaping of domes and especially in 
Timcheh Amin al-Doleh, is examined. 
4.1. The vacuum pattern (central courtyard) as the base model in the formation of the structure of traditional 
buildings 
The vacuum or central courtyard as a base model to create a coordinated municipal system has been extensively 
applied. At the micro scale, this medium opening (vacuum) as the largest spatial unit in terms of scale, creates a 
cross-network organization within Iranian traditional buildings through different functions Fig. 8. 
By creating a limited framing, central courtyard divides all its neighbours in a network-based form. In terms of 
form, the relationship between the vacuum and adjacent spaces complies with base similarity (quadrangular) pattern, 
which with respect to the performance of each type, their scales are changed. Basically, these patterns overlap 
(synchronized) each other symmetrically, by a central axis or in a bilateral from, or achieve their overlapping 
(synchronization) through a radial symmetry (Ardalan & Bakhtiar, 2005). Basically, any type of action, including a 
mosque, a house, caravansary or Timcheh, and all planned structural divisions comply with the central courtyard 
proportions. Also, regardless of the performance and overall proportions, any performance is formed in a two-way 
communication and influenced by the proportion of the vacuum. The central courtyard is an inner cell which has had 
the capacity to be proliferated in all of the city's physical buildings. In addition, the courtyard has organized all civil 
performances in a proliferating and similar form, with some degrees of the change in the scale.  
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Fig. 8. The effect of the vacuum space in the interior networking of the buildings in the Golshan house in Yazd. 
 
In addition, in the form of an active generator, the central courtyard can develop basic model in a proliferating from 
(from micro to macro scale) in heterogeneous, complex and integrated urban networks. As in Fig. 7 can be seen, this 
segment of Kashan Bazaar is directly affected by the presence of the vacuum, and all the structural divisions of the 
plan, from the perimeter of the central courtyards to the main body of the bazaar, is a continuous combination of 
rectangular cells and generally restricted to the central courtyard. These positive spatial systems create a 
composition of spatial links which are both stable and changeable and enable the movement by a common base 
feature (Ardalan & Bakhtiar, 2005). In terms of spatial section, this spatial sequence can create some degrees of 
positive and negative spaces with various geometric forms, which all of the factors can generate a homogeneous 
spatial quality in architectural structure. 
4.2. The function of fractal motifs in the formation of Iranian traditional architectural decorations 
Decorations in Iranian architecture are a fundamental part of the spatial qualities, and they could be primarily 
divided in the form of two-dimensional ornaments such as gereh, arabesque motifs, tile working and three-
dimensional decorations including Muqarnas. 
4.2.1.  two-dimensional decorations 
 
The term “Gereh” literally means weaving of thread and chord, and crimp, and gereh chini means a harmonic 
combination of rhythmic and intricate geometric shapes, which are shaped by using orthogonal lines of a corner 
(Balilan, Sattar Zadah, Khorshidian, Noori, 2011). Gereh chini generally is a form of embedding the gerehs in a 
harmonic and beautiful combination (Zomarshidi, 2008) Fig. 9. Other geometric motifs such as arabesque motifs 
and geometric tile work have been produced with the same principles, and their assembly has been done on a set of 
pre-planned and harmonized rules. These patterns are created by local symmetry and similar developed elements, 
and there has been the possibility of unlimited extension of them. These models can be extended infinitively and 
without an identical iteration (repetition) but they are essentially unitary and systematic. (Penrose, 1982) 
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Fig. 9. Examples of fractal patterns in Gereh Chini 
4.2.2. three-dimensional decorations 
 
Muqarnas is the most prominent three-dimensional decorative motif in Iranian traditional architecture. Basically 
Muqarnas repeats itslef at various rhythmic scales in a self-similar fashion, and enhances spatial quality and is  
commonly used in Ivans and domes. As an example, Dalan-e Shabestan-e Amin al-Doleh located in Kashan Bazaar 
Fig. 10 is formed of the vertical alignment of a series of similar Muqarnases which in an octagonal plan start to grow 
from section A (Mousavi, 2011). This diverse yet integrated system of Muqarnases is formed in a continuation of 
diverse phases. In this process, construction of this dome has had a rhomboid-shaped base pattern from the 
beginning to the end, which by some degrees of change in scale, has provided finally the capacity to construct the 
dome. The stages to generate the fractal pattern of Muqarnas are fully proliferating, so that at the first stage, base 
rhomboid pattern has the maximum plurality (multiplicity) and frequency at its surface, and is overlapped by 
different scale degrees widely in several consecutive vertical levels. In the next step, the multiplicity of the base 
pattern is gradually reduced, and also the pattern has change of scale and complete similarity, but its extension is 
diminished in the horizontal plane. Finally, the basic pattern has achieved unity and coherence, i.e. its extension is 
reduced to a minimum, but fractal characteristics can be still seen in it. Muqarnas is a semi-structural model that can 
be used in the manufacture of high ceilings with wide openings. In particular, the basis for the development of the 
base model on a fractal Muqarnas pattern is composed of three main elements including similarity, change in scale 
and iteration. Muqarnas in other monuments of Iranian architecture has had a role similar to the model of Timcheh-e 
Bazaar-e Amin al-Doleh. Muqarnas has contributed to the formation of spaces to promote spatial values, and it has 
created an atmosphere of unity and cohesion in the closed and semi-closed spaces.  
 
 
Fig. 10. The process of manufacturing a fractal pattern in the muqarnases designed in Timcheh Amin al-Dowleh in Kashan city 
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5. Conclusion 
On the basis of the studies carried out in the current paper, it can be concluded that fractal geometry as a 
fundamental issue has led to the formation of the diverse fractal patterns in Iranian traditional architecture. These 
replicating patterns with different scale grading have influenced the nature of the three-fold system of macro, middle 
and micro system.Therefore, in case of elimination of these patterns, structural and spatial nature of this type of 
architecture would be disrupted and collapsed. Basically, fractal geometric patterns have acted as a facilitator for 
Iranian architects, by which the architects have been able to create varied and complex structural, spatial and 
ornamental patterns on the basis of the essential rules of these geometrical patterns. Every fractal pattern operates as 
a dependent cell which its existence depends on the existence of other cells, and in a continuous system, removal of 
any of these cells would undermine the comprehensive nature of fractals of that type of organization, and can even 
lead to the collapse of that organized system. Based on the mentioned descriptions, it is possible to ascertain the 
premise that the basis for the formation of many of architectural traditional monuments in Central Iran particularly 
Isfahan and Yazd has had a fractal root, and surviving architectural monuments in these cities indicating the claim. 
On the other hand, as mentioned earlier, architectures’ familiarity with these patterns can have a natural or 
experimental origin. In addition, fractal patterns during history have experienced an evolutionary and gradual 
process, and each stage has completed previous stage alternately. Hence, to recognize basic principles of Iranian 
architecture, the cognition of patterns forming this architecture would be necessary and determining. 
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